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Abstract 
 
 
In the winter 2015/2016, about 700 reindeer were winter grazing on the islands of Holmöarna. 
Since the islands had not been used for reindeer grazing for more than 100 years, this is a unique 
opportunity to study how reindeer influence the vegetation that has developed in the absence of 
reindeer. Moreover, it also means that all reindeer faeces depositions and grazing damages 
originate from the last year. Most of the reindeer grazing occurred on Ängesön and 
Grossgrunden, at least during winter, due to lichen rich habitats. To investigate which habitats 
were available for reindeer, the abundance of these habitats and which resources they provide, 
239 randomly selected study sites were investigated. To find out reindeer utilization of resources 
and impact on vegetation, all faecal droppings from reindeer were counted. Also, lichen height, 
lichen cover, lichen volume, grazing damages of lichens and vegetation, trampling, and digging, 
were recorded at every study site. Old-grown spruce forest was the most abundant habitat, 
providing reindeer with ground lichens, bilberries and epiphytic lichens. Pine forest, rich in 
ground lichens, was the most preferred and used habitat based on lichen cover and lichen volume, 
lichen damage and trampling. NMSD ordination confirmed a strong relationship between lichen 
height and lichen cover, i.e. lichens were heavily grazed in every habitat where lichens were 
recorded. Reindeer depositions of dungs and pellets were found in all habitats, but were most 
abundant in spruce forest with ground lichens. Strong relationships between lichen damages, 
digging signs and reindeer pellets confirmed more activities where lichens were abundant. 
Grazing of bilberry shoots and trampling, both indications of summer activities by reindeer, were 
also closely associated, indicating that bilberry shoots was an important food resource in summer 
on these islands. In the light of my result, the islands of Holmöarna have good provision for 
reindeer, in winter by richness of ground lichens in pine forest and old spruce forest, and summer 
primarily by bilberries in old grown spruce forest, mixed forest and pine forest with Vaccinium 
ssp. Although almost all suitable habitats show signs of reindeer activities after only one year, 
there is still abundant winter and summer food resources available for future grazing. There is 
thus plenty of resources available for reindeer on the islands of Holmöarna and reindeer are able 
to utilize them. If they are suitable to use for reindeer grazing in the future is thus more 
dependent on logistic problems like difficulties in transporting the reindeer from mainland to the 
islands.  
 
Key-words: Reindeer habitats, Holmöarna, lichens, trampling, grazing damages, faeces 
deposition  
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1 Introduction 
 
The reindeer Rangifer tarandus (Linné 1758) in Scandinavia are semi-domesticated, large 
mobile animals, with behaviour and habitat selection like wild reindeer (Skarin et al. 2010). 
Reindeer migrate seasonally from summer grazing to winter grazing areas as their foraging 
behaviour and survival in winter is greatly and ultimately dependent on access to and 
abundance of lichens (Skogland 1985, Kojola et al. 1995). Population size is limited by winter 
pastures, while summer pastures are limiting growth and productivity of reindeer (Moen and 
Danell 2003). Reindeer are classified as Vulnerable (IUCV 2015) since populations of wild 
reindeer have declined (> 40%) the last 25 years, the population size in northern Sweden is 
currently about 150 000 to 300 000 reindeer (Suominen and Olofsson 2000), which may be 
sustainable. 
 
1.1 Habitat selection of reindeer 
In large part of the Swedish reindeer herding area, reindeer are found in the boreal forests in 
winter, and in arctic tundra in summer. This seasonally displacement aggregate reindeer on 
calving grounds in spring, and throughout summer and fall reindeer disperse into winter 
ranges (Bergman et al. 2000). Lichens are the most important winter diet of reindeer (Helle 
and Aspi 1983, Skogland, 1985, Kojola et al. 1995), and in Sweden, especially lichen rich pine 
heath habitats are important winter food resources for reindeer. Reindeer have high energy 
demands wintertime, when digging for food in snow and moving over large snow cover areas 
wintertime (order is Artiodactyla and they have large hofpads). When grazing in lichen rich 
habitats in boreal forest, reindeer can get 35-80% of their winter food requirements from 
lichens alone (Moen et al. 2007). In winter grazing areas, reindeer fragment and reduce the 
abundance of lichens, leaving foraging habitats with fragments of dead lichens on stones and 

rocky grounds and with bare soil exposed (Manseau et al. 1996, Olofsson et al. 2010, 
Tømmervik et al. 2012). Reindeer density and lichen cover are thus confirmed to be related 
(Tømmervik et al. 2012). The most preferred lichen species are Cladonia arbuscula, C. 
rangiferina, C. stellaris and Cetraria islandica (Helle and Aspi 1983). Cladonia stellaris is 
the most competitive ground lichen, and can often form thick continuous mats in the absence 
of reindeer grazing, since it is compact due to dense branching, and produce toxins that 
inhibit growth of mycorrhiza fungi of Scotch pine (Helle and Aspi 1983). It is difficult for 
mosses and vascular plants to invade vegetation gaps created by reindeer grazing lichens 
mats (Manseau et al. 1996; Olofsson et al. 2010), since lichens excrete secondary metabolites, 
which are suppressing soil productivity (Van der Wal 2006). After severe grazing, regrowth of 
lichens is often slow and it can take decades (25-30 years) for a lichen mat to recover 
(Olofsson et al. 2010). However, in optimal conditions, the annual productivity of Cladonia 
lichen mats can be as high as 200-400 g/m2 (Gaio-Oliveira et al. 2006). Growth rate is 
dependent on water, light, nutrients and season, together with species morphology and 
resource allocation and respiration (Palmqvist 2000, Tømmervik et al. 2012). Lichens are not 
rich in protein, they are rich of carbohydrates, so early in the growth season, herbivory select 
for nitrogen rich species and rapidly growing leaves (Salix ssp. and Vaccinium myrtillus) that 
are rich in nitrogen (Crawley 1983, Van der Wal et al. 2000). Those species are also found to 
have high protein content early in the summer (Staaland and Saebø 1993). Reindeer have 
high nutrient and proteins demands in spring because calves are growing, females are 
lactiferous and since body-weight at time of breeding is correlated to probability of 
conception, also males are dependent on good forage (White et al. 1983, Cameron and 
VerHoef 1994, Walsh et al. 1997). In springtime, after snowmelt, green plants are more 
palatable due to high nitrogen content (Torp et al. 2010), and reindeer forage selectively in 
habitats that are subjected to early snowmelt (Van der Waal 2000) with purpose to maximize 
nutrients demands. Later in growing season, nitrogen concentration is decreasing (Graglia et 
al. 2001) and reindeer must cope with a trade-off situation between decreasing quality and 
increasing quantity.  
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1.2 Reindeer activities 
Reindeer trampling and grazing may have huge impact on vegetation and cause degradation 
and erosion damages if the reindeer populations are high (Moen and Danell 2003). The 
effects on vegetation may, thus be great, when many, large animals move in the landscape. 
Dry reindeer lichens mats, fruticose lichens are the most sensitive, suffering from trampling 
during summer pastures and selective grazing during winter (Pegau 1969). In winter, the 
digging for food disturb the lichen mats, but most of the lichen biomass is still protected by 
snow and ice. Summer grazing is more harmful for lichen and moss layers due to the direct 
effect of trampling on the fragile lichens (Kumpula et al. 2000, Van der Wal 2006). 
Trampling is the often the most severe impact of reindeer (compared to grazing and 
deposition of faeces and urine) on plant and decomposer community composition (Väre et al. 
1995, Sørensen et al. 2009). Trampling have been found to reduce moss layers and have 
strong effects on ecosystems by compacting the soil, by killing plants and plant tissue, and by 
creating gaps that plants can recruit in (Ritchie and Olff 1999). Both vegetation (plants, 
mosses and lichens) and decomposer communities (microbes, nematodes, collembolans and 
enchytraeids) are affected because soil pore space is reduced (Sørensen et al. 2009). On the 
other hand, trampling may enhance drainage and increase soil temperatures, which have 
effects on decomposition rates and litter quality, leading to more primary production and 
faster nutrient cycling. Trampling also reduce abundance of fungi, which are food for 
collembolans (Hunt et al. 1987, De Ruiters et al. 1993) and enchytraeids (Jaffee et al. 1997). 
 
Fertilization (depositions of dung and urine) increase abundance of bacteria and bacteria-
feeding and omnivores nematodes in trampled plots only (Sørensen et al. 2009). Moreover, 
trampling has showed to be more important than dung and urine in affecting decomposer 
soil biota (Sørensen et al. 2009, Olofsson 2006) and grazing (defoliation) has almost no 
effect on decomposer abundance, so soil decomposers ultimately (Sørensen et al. 2009) effect 
on plant growth are dependent on the impact of decomposition, trampling and grazing in 
interaction with faeces depositions. This may cause fast transitions to other ecosystems 
(Zimov et al. 1995, Olofsson et al. 2001, Van der Wal 2006, Olofsson et al. 2010).  

 
Decomposition of dung is slow (Olofsson and Oksanen 2002, Barthelemy 2016), and must 
correlate to soil temperatures and soil moisture to become available for plant species uptake 
due to different functional groups (Barthelemy 2016). Nutrients from urine can be used much 
faster, and plants take it up rapidly. All vascular plants take up nitrogen from urine 
deposition, and nitrogen concentration in aboveground biomass is proportional to 
abundance of plants, more biomass contains more nitrogen (Barthelemy 2016). Deposition of 
high densities of dung alone may increase plant productivity in the long-term perspective, 
but the availability for plants is depending on decomposition rates, which in turn depend on 
soil microclimate (Barthelemy 2016).  

 
Grazing reduce dominant plants (Grime 1998) and diversity is increased when competition 
and space are left for variation instead of biomass (Adler et al. 2001). In nutrient poor 
conditions herbivores select plants with high nutrient content and high litter content, 
subsequent leading to increase of dominance of slow-growing (lignin and woody species) and 
nutrient poor plant species that are well defended and therefore not consumed (Grime et al. 
1996). Hence, selective herbivory may increase or decrease nutrient cycling by changing litter 
quality (Pastor et al. 1993, Olofsson and Oksanen 2002). When nutrient content in plant 
tissue is high also decomposition rates are high, which results in increased nutrient 
mineralization and high nutrient availability, leading to accelerated nutrient turnover 
(Chapin 1991, Zimov et al. 1995, Olofsson and Oksanen 2002, Bakker et al. 2004) and higher 
diversity.  
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1.3 Herbivores change vegetation types 
Ground lichens mats protect soil from erosion and wind, increasing the water holding 
capacity and nitrogen mineralization (Gaare 1997), which is driven by soil microbes (Stark & 
Hyvärinen 2003). Therefore, when reindeer consume lichen mats they also consume soil 
microbes, leading to slower nitrogen mineralization rates. Moreover, lichens are more 
sensitive to grazing and trampling than mosses and when reindeer select lichens instead of 
mosses, greater losses are confined to lichens. Vegetation change from mosses to graminoid 
dominated system is driven by greater tolerance to defoliation in grasses since their basal 
meristems are below average grazing depth, which enables rapid regrowth and recovery 
(Wright and Illius 1995). Depositions of faeces and urine increase primary production, both 
in soil and plants by more nutrient availability, soil temperatures are increased by tramps 
from large herbivores, leading to reduced moss layers (De Long et al. 2015) and taken 
together the above-mentioned factors increase reindeer carrying capacity (Van der Wal 2005, 
2006). Hence, intensive grazing, trampling and deposition of urine and faeces can in 
combination cause vegetation transitions from moss dominated ecosystem to grass 
dominated ecosystem (Zimov et al. 1995, Olofsson et al. 2001, Van der Wal 2006, Olofsson et 
al. 2010). 
 
1.4 Climate change and reindeer foraging 
Increased global temperatures (fluctuating temperatures) have increased the frequency of 
rain on snow events in large parts of the Arctic. This is one of the major challenges for wild 
and domestic reindeer populations since their main winter forage, ground lichens, is 
inaccessible to reindeer if the ground is covered by thick ice shields (Forbes et al. 2016). For 
example, two recent rain on snow events killed about 81 000 reindeer in Yamal Peninsula 
(Russia) in 2006 and 2013, since warming cause sea ice to decline and warmer sea water 
forms vapour resulting in high air humidity (Forbes et al. 2016).  
 

1.5 Aim of this study 
With purpose to investigate the impacts of reindeer grazing in winter pastures and 
subsequent also summer grazing grounds, that never have been grazed for 100 years, this 
study was conducted in September and October 2016 on three large islands, Holmön, 
Ängesön and Grossgrunden. We focused our studies on the latter two ones since most of the 
lichen rich habitats are found there. 
The aim of this study was to investigate: 1. Which habitats are available for reindeer on 
Ängesön and Grossgrunden, and how abundant are they? 2. How have the reindeer been 
using these habitats, based on deposition of faeces, and impact on the vegetation from 
trampling and foraging? 
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2 Materials and Methods 
 
 
2.1 Study sites 
The study was conducted in two islands in the archipelago of Holmöarna; Ängesön and 
Grossgrunden. Climate regime on the islands of Holmöarna is continental. Most precipitation 
fell as snow in February 2016 (30-50 cm, 35-40% of annual precipitation) and rain in April 
(50 mm)-June (75 mm), in the year 2016 (SMHI årsredovisningar). Annual precipitation in 
Holmöarna in 2015 was 641 mm, and in 2016 640 mm, which is in line with increasing 
precipitation in Sweden (mean 600 mm) due to more wet and warm conditions (Persson 
2015). By the sea, annual precipitation is less than on the mainland, due to more warming of 
ground than sea water surfaces, leading to air ascending and later cooling, which may lead to 
rain in the afternoon. There is simply more steam-holding capacity in the air by the sea. 
Mean annual temperature was 6 °C and 4.9 °C in 2015 and 2016, respectively (Persson 2015). 
Deviations from mean temperatures were during the winter of 2015/2016 2.5 °C, during 
summer 2016 0.5 °C, and during autumn 2015 2.5 °C (SMHI årsredovisningar, 
www.smhi.se). Release from reindeer grazing has created thick lichen mats of ground lichens 
and old boreal forest with a lot of epiphytic lichens (Alectoria spp., Bryoria ssp. and Usnea 
spp.). 
 
A regular grid of points was placed out on the islands (this was done in GIS before field 
measurements) to study the abundance of different vegetation types and how reindeer have 
utilized these areas. More specifically, latitudinal transects were placed out across the islands, 
with 0.05˚ in between each transect. Along these transects, study points were placed out in a 
regular grid with 0.005 ˚ in between (Figure 1). This resulted in 14 transects and 159 
positions on Ängesön and 9 transects with 38 positions on Grossgrunden (Figure 1). To 
increase the coverage of the most preferred winter grazing habitats, 30 additional points were 
selected randomly, within the coniferous forest with richness of lichens (pine forest). Since 
the accuracy of this stratification was low, 13 additional positions were chosen with the 
criteria as being the lichen rich stand closest to the randomized positions (Figure 1). This 
resulted, in total, 239 positions investigated. 
 

2.2 Reindeer grazing on the islands of Holmöarna  
Rennäringslagen (SFS 1971:437) give the Sami people in Sweden access to winter grazing 
areas, above cultivation areas or in some cases in coastal areas. In Västerbotten and 
Norrbotten, the Sami people have access to reindeer herding all year round, if summer 
grazing is allowed. Ice shield formation was one reason why Rans sameby decided to use 
Holmöarna for winter grazing 2015/2016. The islands have been released from reindeer 
grazing for more than 100 years, because the communities of Holmön and Holmsund 
(Obbola) were not assigned as “renbetesland” in” Byordning for Rans Lappby” (25th of May, 
1946). Nowadays Holmön, Holmsund and Obbola are incorporated in Umeå municipality 
and “renbetesland” for reindeer husbandry in Västerbotten. A newspaper article in 
Umebladet (1906-03-19) (see 7.1 in Appendix) says that reindeer herds are grazing on the 
islands because there is much food available and the article states that many decades have 
passed since reindeer have been winter grazing on the islands. Reindeer left the islands 
dramatically the 24th of April 1906, the same year because the sea ice was broken, and many 
reindeer drowned when they tried to escape. In October 2015, Rans sameby moved about 700 
reindeer to Holmön since the winter grazing on the main land was locked by ice shield 
formation. When the reindeer was moved back in April 2016, about 75 reindeer escaped from 
the enclosure before entering the ferry. Since some of these reindeer got calfs, about 120 
reindeer have grazed the island during the summer and autumn 2016. All numbers given 
here are according to statements from the reindeer owner. 
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Figure 1. Transects on Ängesön (159 black circles) and Grossgrunden (38 green circles). Additionally, stratified 
transects are shown as 43 red circles. In total 239 transects were investigated. 

 

 
2.3 Experimental design 
When arriving at the predetermined GPS position, a 1×20 m long transect was marked with a 
measuring tape and a frame. Habitat characteristics were determined following a modern 
Swedish classification habitats based on the resources they provide for reindeer (Hedenås, H. 
2016). Droppings (dungs of faeces) were recorded along the 1×20 m long transect from 
moose, hares, roe deer, and reindeer. Reindeer pellets (faeces) were counted, if pellets were 
in dungs, estimations of pellet numbers were made. Occurrence of lichens and thickness of 
mats of lichens (cm) were recorded at every meter (11 measurements). Height of lichens were 
measured from the dark base of the lichen to the top of thallus (cm). The lichen resources 
(lichen volume) were estimated by lichen cover×lichen height (Olofsson et al. 2011). Impact 
of grazing (present or absent) were observed on the vegetation within each of the 20 1×1m2 
quadrate in the 1×20 m long transects. The type of impact (damage) was recorded. Moreover, 
tracks of digging, when reindeer forage for more food during the snow-covered period, and 
trampling (hofpads of reindeers) were recorded as presence/absence in each of the 20 1×1m2 
quadrates. Abundance of epiphytes present on trees were estimated using three distinct 
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classes (none, little and much). Photos were taken of the ground habitat, trees, epiphytes, 
surroundings, and grazing damage of interest.  
 

2.4 Statistical analyses 
Occurrence of reindeer faeces and pellets in different vegetation types (habitats) utilized by 
reindeers were tested in GLM models using Poisson distribution. Effects of grazing damages, 
trampling of hofpads and lichen cover in different vegetation types were tested with binomial 
distribution (GLM). Data were log-transformed to fulfil the assumptions of normality and 
homoscedasticity. Anova (model.test=”Chisq”) was used to see whether there was a 
significant difference between reindeer habitats, with respect to reindeer activities. 
Correlation test (Pearson´s product moment correlation test) were used to see whether 
different reindeer activities were related, i.e. occurring in the same habitat, at the same time 
(seasonal pastures). All statistical analyses were done using the R statistical package (R 
development Core team 2016). A nonmetric multidimensional scaling (NMSD) plot in two 
dimensions was created with the purpose to find correlations between grazing damages, 
reindeer droppings, and trampling. The analysis assumes that objects closer to one another in 
the 2-dimensional space are more similar than objects further apart. Post hoc tests in GLM 
models were done using the ghlt function multcomp in R (R development Core team 2016), 
which compare means between all reindeer habitats.  
 

 

3 Results 
 
 
3.1 Reindeer habitats 
The habitat classification follows Hedenås (2016) and presented in Table 1 (Appendix). A 
large proportion of the islands is dominated by spruce forest (Figure 2). Hence, the most 
frequent reindeer habitats were: Spruce (Picea abies) forest with epiphytic lichens (habitat 
107, 25.5%), Spruce forest with mosses (habitat 106, 15.8%), Spruce forest with herbs 
(habitat 105, 5.1%) and Spruce forest with ground lichens (habitat 110, 4.1%). Pine (Pinus 
sylvestris) forest was fairly abundant on the islands, but divided into several different classes 
of reindeer habitats (Table 1): Mixed forest of pine, spruce and birch (Betula ssp.) (habitat 
109, 6.1%), Lichen rich pine forest on moorland (habitat 111, 0.5%), Moderately lichen rich 
(25-50%) pine forest on moorland (habitat 112, 3.1%), Lichen rich pine forest dominated by 
ground lichens (habitat 113, 1.0%), Moderately lichen rich pine forest (habitat 114, 3.1%), 
Pine forest with epiphytic lichens (habitat 104, 0.6%), and Pine forest with mosses and 
Vaccinium ssp. (habitat 103, 4.6%). Parts of the island were also covered by other reindeer 
habitats (Table 1) including: Deciduous forest (habitat no. 208, 3.1%), Small shrubs (habitat 
206, 1.0%) along edges of wetlands and mires, Wet thriving mire (habitat no. 503, 5.6%), 
Dry thriving mire (habitat no. 504, 1.0%), Mire with forest (habitat no. 506, 2.0%), 
Scrubland from over grown clear cuts (habitat 304, 1.5%), and Rocky ground (habitat no. 
402, 4.1%). Water (habitat 700) covered 12.2% of the islands.  
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Figure 2. Frequency of reindeer habitats (19 vegetation classes and 196 locations) on Ängesön and Grossgrunden. 
Pine forest with mosses and Vaccinium spp. (habitat 103), Pine forest with epiphytic lichens, mosses and 
Vaccinium spp. (habitat 104), Spruce forest with herbs (habitat 105), Spruce forest with mosses (habitat 106), 
Spruce forest with epiphytic lichens (habitat 107), Mixed forest of spruce, pine and birch (habitat 109), Spruce 
forest with ground lichens (habitat 110), Lichen rich pine forest on moorland (habitat 111), Moderate lichen rich 
rich (25-50%) pine forest on moorland (habitat 112), Lichen rich pine forest dominated by ground lichens 
(habitat 113), Moderately lichen rich(25-50%) pine forest (habitat 114), Small shrubs (habitat 206), Deciduous 
forest (habitat 208), Scrubland over grown clear cut (habitat 304), Rocky ground (habitat 402), Wet, thriving 
mire (habitat 503), Dry, thriving mire (habitat 504), Mire with forest (habitat 506) and water (lakes, streams and 
sea; habitat 700). 
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3.2 Estimation of lichen height and lichen cover in reindeer habitats 
 

 
Figure 3. Lichen height (lognormal) measured along 1×20 m transects. Pine forest with mosses and Vaccinium 
spp. (habitat 103), Spruce forest with epiphytic lichens (habitat 107), Mixed forest of spruce, pine and birch 
(habitat 109), Spruce forest with ground lichens (habitat 110), Lichen rich pine forest on moorland (lichens>50%; 
habitat 111), Scrubland from overgrown clear cut (habitat 304), Rocky ground (habitat 402) and Wet dry and 
forested mires (habitat 503). Error bars represent ± 1 SE. 
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Figure 4. Lichen cover (ground lichen mats), % of the 1×20 m2 transects, where signs of lichen cover were 
discovered. Pine forest with mosses and Vaccinium spp. (habitat 103), Spruce forest with epiphytic lichens 
(habitat 107), Mixed forest of spruce, pine and birch (habitat 109), Spruce forest with ground lichens (habitat 
110), Lichen rich pine forest on moorland (lichens>50%; habitat 111), Deciduous forest (habitat 208), Scrubland 
over grown clear cut (habitat 304), Rocky ground (habitat 402) and Wet dry and forested mires (habitat 503). 
Reindeer habitat 700 is water (sea, lakes and streams). Error bars represent ± 1 SE. 
 

Lichen cover differed among habitats (Figure 4). A post hoc test confirmed that Lichen rich 
pine forest on moorland (>50%) and Spruce forest with ground lichens had significantly 
more lichens than Pine forests with mosses and Vaccinium ssp., Spruce forest with epiphytic 
lichens and Mixed forest (P<0.010), and that there were more lichens in Lichen rich pine 

forest on moorland (>50%) than in Spruce forest with ground lichens (P<0.010). Lichen rich 
pine forest on moorland (>50%) held more lichens than habitats in Scrubland from 
overgrown clear cut, Rocky grounds and Wet dry and forested mires (P<0.001), Spruce 
forest with ground lichens was more lichen rich than habitats in Rocky grounds and Wet dry 
and forested mires (P<0.001) and habitats in Scrubland from overgrown clear cut 
(P=0.036). There was a higher lichen cover in Rocky grounds than in Spruce forest with 
epiphytic lichens (P=0.021), and there were also more lichens in Rocky grounds than in Wet 
dry and forested mires (P=0.031). Lichen height and lichen cover was correlated (t=12.60; 
df=237, P<0.001, rs= 0.63). However, lichen height did not differ among the habitats where 
reindeer lichens were present (Figure 3, F7,66=18.71, P=0.189). 
 

3.3 Lichen volume 
Volume of ground lichen mats, estimated by multiplying the lichen height with lichen cover 
in quadrats of 1×20 m transects (Olofsson et al. 2011) differed among habitats (Figure 5, 
P<0.001). A Tukeys post hoc test confirmed that Lichen rich pine forest on moorland (>50%) 
and Spruce forest with ground lichens had more lichen volume than Pine forest with mosses 
and Vaccinium spp., Spruce forest with epiphytic lichens and Mixed forest (P<0.010). Both 
Lichen rich pine forest on moorland (>50%) and Spruce forest with ground lichens had 
more lichens than Scrublands on clear-cuttings, Rocky grounds and Wet dry and forested 
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mires (P<0.010). It was also confirmed that Lichen rich pine forest on moorland (>50%) 
held more lichens (volume) than Spruce forest with ground lichens (P<0.010). Pine forest 
with mosses and Vaccinium spp. held more lichens than Spruce forest with epiphytic lichens 
(P=0.020) and Wet dry and forested mires (P<0.010). Lichen volume was also larger in 
Spruce forest with epiphytic lichens than in Wet dry and forested mires (P<0.010). Mixed 
forest had a larger lichen volume than Wet dry and forested mires (P=0.023), and habitats in 
Rocky grounds held more lichens (volume) than Wet dry and forested mires (P<0.010). 
 

 
Figure 5. Lichen volume in 10 reindeer habitats, (estimated as lichen cover*lichen height (unit dm3/m2) in 
quadrats of 1×20 m long transects). Pine forest with mosses and Vaccinium spp. (habitat 103), Spruce forest with 
epiphytic lichens (habitat 107), Mixed forest of spruce, pine and birch (habitat 109), Spruce forest with ground 
lichens (habitat 110), Lichen rich pine forest on moorland (lichens>50%; habitat 111), Deciduous forest (habitat 
208), Scrubland over grown clear cut (habitat 304), Rocky ground (habitat 402) and Wet dry and forested mires 
(habitat 503). Habitat 700 is water (sea, lakes and streams). Error bars represent ± 1 SE. 
 

3.4. Reindeer activities in habitats 
The NMDS analyses (Figure 6) shows that lichen height and lichen cover were significantly 
correlated (blue text). Grazing in Ericaceae vegetation and trampling were closely related 
(black text), grazing on lichen mats and reindeer pellets were closely related (black text). 
Digging is found in close relation to both Ericaceae grazing and reindeer pellets (black text).  
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Figure 6. NMSD analysis performed on data from 19 reindeer habitats (239 transects). Lichen dominated habitats 
in pine forest are red: Pine forest with mosses and Vaccinium spp. (habitat 103), Pine forest with epiphytic 
lichens, mosses and Vaccinium spp. (habitat 104), Lichen rich pine forest on moorland (habitat 111), Moderate 
lichen rich (25-50%) pine forest on moorland (habitat 112), Lichen rich pine forest dominated by ground lichens 
(habitat 113), Moderately lichen rich (25-50%) pine forest (habitat 114). Spruce forest are darkgreen: Mixed forest 
of spruce, pine and birch (habitat 109), Spruce forest with ground lichens (habitat 110), Spruce forest with herbs 
(habitat 105), Spruce forest with mosses (habitat 106), Spruce forest with epiphytic lichens (habitat 107). Mires 
are blue: Wet, thriving mire (habitat 503), Dry, thriving mire (habitat 504), Mire with forest (habitat 506). 
Scrubland over grown clear cut (habitat 304) are orange. Small shrubs (habitat 206) and Deciduous forest 
(habitat 208) are green. Rocky ground are grey (habitat 402). Reindeer damage (R) and Moose damage (M) are 
added after type of plant damage or faeces deposition. 

 
3.4.1 Depositions of faeces (dungs and pellets from reindeer) 
The number of reindeer dropping piles differed among habitats (GLM, Poisson errors, df=9, 
residual deviance=486.09, P<0.001). A Tukey Contrast confirmed that there were more 
droppings of dungs in Spruce forest with ground lichens and Lichen rich pine forest on 
moorland (>50%) than in Spruce forest with mosses and Vaccinium spp. (P=0.002 and 
0.003, respectively). Moreover, there were more droppings of dungs in Spruce forest with 
ground lichens and Lichen rich pine forest on moorland (>50%) than in Spruce forest with 
epiphytic lichens and Mixed forest (P<0.001). There were more droppings in Spruce forest 
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with ground lichens than in Deciduous forest (P=0.020) and in Rocky grounds (P=0.011). 
More droppings were found in Lichen rich pine forest on moorland (>50%) than in 
Deciduous forest (P=0.026) and in Rocky grounds (P=0.015). There was no significant 
difference in reindeer dropping density between Spruce forest with ground lichens and 
Lichen rich pine forest on moorland (>50%) (Figure 7).  

 
Figure 7. Reindeer droppings (faeces) in habitats. Pine forest with mosses and Vaccinium spp. (habitat 103), 
Spruce forest with epiphytic lichens (habitat 107), Mixed forest of spruce, pine and birch (habitat 109), Spruce 
forest with ground lichens (habitat 110), Lichen rich pine forest on moorland (>50%), (habitat 111), Deciduous 
forest (habitat 208), Scrubland over grown clear cut (habitat 304), Rocky ground (habitat 402) and Wet, dry 
and forested mires (habitat 503). Habitat 700 is water (sea, lakes and streams). Error bars represent ± 1 SE. 
 

 

Figure 8. Reindeer pellets counted in 10 reindeer habitats. Pine forest with mosses and Vaccinium spp. (habitat 
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103), Spruce forest epiphytic lichens (habitat 107), Mixed forest of spruce, pine and birch (habitat 109), Spruce 
forest with ground lichens (habitat 110), Lichen rich pine forest on moorland (>50%; habitat 111), Deciduous 
forest (habitat 208), Scrubland over grown clear cut (habitat 304), Rocky ground (habitat 402) and Wet, dry 
and forested mires (habitat 503). Habitat 700 is water (sea, lakes, mires and wetlands). Error bars represent ± 1 
SE. 
 

The number of individual reindeer pellets differed among habitats in the same way as the 
dropping piles (GLM, poisson error, df=9, residual deviance=21.33, P<0.001). Post hoc test 
confirmed that reindeer habitats in Pine forest with mosses and Vaccinium ssp. contained 
more pellets than Spruce forest with epiphytic lichens, Mixed forest, Deciduous forest and 
Rocky grounds (P<0.001). There were more pellets in Spruce forest with ground lichens and 
Lichen rich pine forest on moorland (>50%) than Pine forest with mosses and Vaccinium 
ssp. (P<0.001). Reindeer habitats in Spruce forest with epiphytic lichens had more pellets 
than Deciduous forest and Rocky grounds (P<0.001). There were more pellets in Spruce 
forest with ground lichens and Lichen rich pine forest on moorland (>50%) than in Spruce 
forest with epiphytic lichens (P<0.001). Mixed forest had more pellets than habitats in 
Rocky grounds (P<0.001), and there were also more pellets in Spruce forest with ground 
lichens, Lichen rich pine forest on moorland (>50%) and Mixed forest than in Deciduous 
forest (P<0.001). Spruce forest with ground lichens contained more pellets than Deciduous 
forest and Rocky ground (P<0.001). Lichen rich pine forest on moorland (>50%) held more 
pellets than habitats in Deciduous forest and Rocky grounds (P<0.001). Moreover, Spruce 
forest with ground lichens held more pellets than Lichen rich pine forest on moorland 
(>50%) (P<0.001) (Figure 8). Reindeer pellets were positively correlated to lichen damage 
(rs= 0.50, t=9.00, df=237, P<0.001). 
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3.4.2 Lichen damage 

 
Figure 9. Lichen damage in reindeer habitats, % of the 1×20 m2   plots, where signs of lichen damages were 
discovered. Pine forest with mosses and Vaccinium spp. (habitat 103), Spruce forest with epiphytic lichens 
(habitat 107), Mixed forest of spruce, pine and birch (habitat 109), Spruce forest with ground lichens (habitat 
110), Lichen rich pine forest on moorland (>50%; habitat 111), Deciduous forest (habitat 208), Scrubland over 
grown clear cut (habitat 304), rocky ground (habitat 402) and Wet dry and forested mires (habitat 503). Habitat 
700 is water (sea, lakes and streams). Error bars represent ± 1 SE. 
 

Testing of grazing of lichen damage (anova (model, test=” Chisq”) revealed that reindeer 
habitats were different with respect to lichen grazing (df=9; residual deviance=863.27, 
P<0.001). Post hoc test confirmed that Lichen rich pine forest on moorland (>50%) and 
Spruce forest with ground lichens had more grazing on ground lichens than Pine forest with 
mosses and Vaccinium spp., (P<o.o10) and Pine forest with mosses and Vaccinium spp. was 
more grazed than Wet dry and forested mires (P=0.017). Spruce forest with ground lichens 
and Lichen rich pine forest on moorland (>50%) were more grazed (different) than Spruce 
forest with epiphytic lichens (P<0.010) and this habitat was more grazed than habitat Wet 
dry and forested mires (P=0.034). Spruce forest with ground lichens and Lichen rich pine 
forest on moorland (>50%) had more lichen damages than Mixed forest (P<0.010), which 
was more grazed upon than Wet dry and forested mires (P<0.010). Spruce forest with 
ground lichens and Lichen rich pine forest on moorland (>50%) had more grazing damages 
than habitats on Scrubland over grown clear cut, Rocky grounds and Wet dry and forested 
mires (P<0.010) respectively. Moreover, there was more lichen grazing (damage) in Lichen 
rich pine forest on moorland (>50%) than in Spruce forest with ground lichens (P<0.010). 
There was also a more lichen damages in Rocky grounds than i Wet dry and forested mires 
(P=0.017). Reindeer pellets were correlated to lichen damage (rs= 0.50, t=9.00, df=237, 
P<0.001; Figure 9).  
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3.4.3 Trampling 

 
Figure 10. Trampling activity within reindeer habitats, % of the 1×20 m2 plots where signs of trampling were 
discovered. Pine forest with mosses and Vaccinium spp. (habitat 103), Spruce forest with epiphytic lichens 
(habitat 107), Mixed forest of spruce, pine and birch (habitat 109), Spruce forest with ground lichens (habitat 
110), Lichen rich pine forest on moorland (lichens>50%; habitat 111), Deciduous forest (habitat 208), Scrubland 
over grown clear cut (habitat 304), Rocky ground (habitat 402) and Wet dry and forested mires (habitat 503). 
Habitat 700 is water (sea, lakes streams). Error bars represent ± 1 SE. 

 
The amount of trampling differed among reindeer habitats (df=9; P<0.001) (Figure 10). A 
Tukey Contrasts revealed that there was more trampling in Lichen rich pine forest on 
moorland (>50%) than in Pine forest with mosses and Vaccinium spp. (P<0.001). Pine 
forest with mosses and Vaccinium spp. was more trampled than Deciduous forest and Rocky 
grounds (P<0.001). There was more trampling in habitats in Lichen rich pine forest on 
moorland (>50%) than in Spruce forest with epiphytic lichens (P<0.001). Reindeer habitats 
in Spruce forest with epiphytic lichens was more trampled than Deciduous forest, Rocky 
ground, and Wet dry and forested mires (P<0.001). There was more trampling in Lichen 
rich pine forest on moorland (>50%) than in Mixed forest (P<0.001). Mixed forest was more 
trampled than Deciduous forest and Rocky ground (P<0.001). Ground lichens in spruce 
forest was more trampled than Deciduous forest and Rocky ground (P<0.001). Reindeer 
habitat Lichen rich pine forest on moorland (>50%) was more trampled than Deciduous 
forest, Scrubland over grown clear cut, Rocky ground and Wet dry and forested mires 
(P<0.001). There was more trampling in Lichen rich pine forest on moorland (>50%) than in 
Spruce forest with ground lichens (P<0.001). Reindeer habitat in Scrubland over grown 
clear cut was more trampled than Deciduous forest (P=0.005) and Rocky ground (P<0.001). 
There more trampling in Wet dry and forested mires than in habitats in Rocky ground and 
Deciduous forest (P<0.001). Trampling were positively correlated to Ericaceae grazing 
damage (i.e. Vaccinium myrtillus and Rhododendrum tomentosum) (t=6.76, df=237, 
P<0.001; rs=0.40). 
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3.4.4 Grazing of Ericaceae 

 
Figure 11. Grazing damage of Ericaceae in reindeer habitats, % of the 1×20 m2 plots, where signs of trampling were 
discovered. Pine forest with mosses and Vaccinium spp. (habitat 103), Spruce forest with epiphytic lichens 
(habitat 107), Mixed forest of spruce, pine and birch (habitat 109), Spruce forest with ground lichens (habitat 
110), Lichen rich pine forest on moorland (>50%, habitat 111), Deciduous forest (habitat 208), Scrubland over 
grown clear cut (habitat 304), Rocky ground (habitat 402) and Wet dry and forested mires (habitat 503). 
Habitat 700 is water (sea, lakes and streams). Error bars represent ± 1 SE. 

 
Anova (model, test=” Chisq”), (df=9, residual deviance= 743.3, P<o.oo1) confirmed 
difference among reindeer habitats (Figure 11). Post hoc test confirmed that reindeer habitats 
in Pine forest with mosses and Vaccinium ssp. was more grazed than Lichen rich pine forest 
on moorland (>50%) (P<0.010), Mixed forest was more grazed (P=0.026) than Pine forest 
with mosses and Vaccinium ssp. There were more grazing damages of Ericaceae vegetation 
in Spruce forest with epiphytic lichens than in Pine forests with mosses and Vaccinium spp. 
(P<0.010). Spruce forest with epiphytic lichens was more grazed than Lichen rich pine forest 
on moorland (>50%), Deciduous forest, Wet dry and forested mires (P<0.010) and Rocky 
ground (P=0.012). There were more grazing damages in Mixed forest than in Lichen rich 
pine forest on moorland (>50%), Wet dry and forested mires (P<0.010), Deciduous forest 
(P<0.010) and habitats in Rocky grounds (P=0.021). Trampling and grazing on Ericaceae 
were correlated (Pearson´s product-moment correlation, t=6.76, df=237, P<0.001; rs=0.40). 
 

3.4.5 Fungi damage 
Grazing damages of fungi were found in two habitats, Pine forest with mosses and 
Vaccinium ssp. and Spruce forest with epiphytic lichens, testing in binomial model revealed 
that the intercept (fungi damage) was significant (P<0.001), when compared to the other 
reindeer habitat. Post hoc test (anova (model, test= “Chisq”)) however, showed no differences 
with based on fungi damages among habitats (df=18; residual deviance=50.32, P=0.668). 
The level of grazing found in the two habitats were too low (Figure 12), when compared to the 
other habitats. 
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Figure 12. Fungi damage in reindeer habitats, % of the 1×20 m2 plots, where signs of grazing fungi were 
discovered. Pine forest with mosses and Vaccinium spp. (habitat 103) and Spruce forest with epiphytic lichens 
(habitat 107). Error bars represent ± 1 SE. 
 

3.4.6 Grazing of Myricaceae 

Figure 13. Reindeer grazing in vegetation class Myricaceae (i.e. Myrica gale), % 0f the 1×20 m2 plots, where signs 
of grazing were discovered. Pine forest with mosses and Vaccinium spp. (habitat 103) and Wet dry and forested 
mires (habitat 503). Error bars represent ± 1 SE. 
 

Myricaceae damage (i.e Myrica gale) was found to be different (significant) when tested in 
binomial model. Anova (model, test=” Chisq”) confirmed difference between reindeer 
habitats (df=9, P<0.001) (Figure 13). However, post hoc test revealed no significant 
differences among habitats. Myricaceae damage in reindeer habitats found in Wet dry and 
forested mires were almost significantly higher compared to Pine forest with mosses and 
Vaccinium ssp. (P=0.577).  
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3.4.7 Grazing of Poa and Carex vegetation 

 
Figure 14. Grazing damage in Poa and Carex vegetation classes, % of the 1×20 m2 plots, where signs of grazing 
were discovered. Spruce forest epiphytic lichens (habitat 107), Mixed forest of spruce, pine and birch (habitat 
109), Lichen rich pine forest on moorland (>50%; habitat 111) and Wet dry and forested mires (habitat 503). 
Error bars represent ± 1 SE. 
 

Grazing damage on Poa and Carex (i.e. Deschampsia flexuosa and Carex rostrata) did not 
differ significantly among reindeer habitats (Figure 14). Most grazing occurred in Wet dry 
and forested mires, Mixed forest and Spruce forest with epiphytic lichens, but when testing 
the level of grazing among habitats no significant difference was revealed.  
 
3.4.8 Betula damage 

 
Figure 15. Betula damage in reindeer habitats, % of the 1×20 m2 plots, where signs of grazing were 
discovered. Spruce forest with epiphytic lichens (habitat 107) and Wet dry and forested mires (habitat 503). 
Error bars represent ± 1 SE. 
 

The level of grazing signs on birches did not differ among reindeer habitats (Figure 15). 
Most grazing of Betula spp. occurred in Wet dry and forested mires, but testing the level 
of grazing among habitats did not reveal any significant difference.  
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3.4.9 Digging damage 

 
Figure 16. Grazing damage categorized as digging, i.e. foraging behaviour when reindeer search for more food. 
Expressed in % of the 1×20 m2 plots, where signs of digging were discovered. Pine forest with mosses and 
Vaccinium spp. (habitat 103), Spruce forest with epiphytic lichens (habitat 107), Mixed forest of spruce, pine and 
birch (habitat 109), Spruce forest with ground lichens (habitat 110), Lichen rich pine forest on moorland (>50%; 
habitat 111), Deciduous forest (habitat 208), Scrubland over grown clear cut (habitat 304), Rocky ground 
(habitat 402) and Wet dry and forested mires (habitat 503). Habitat 700 is water (sea, lakes and streams). Error 
bars represent ± 1 SE. 
 

Signs of digging, i.e. when reindeer are foraging by digging through the snow, differed in 
abundance between reindeer habitats (Figure 16, Anova, test=” Chisq”, df=9, P<0.001). Post 
hoc test confirmed that there was more digging from reindeer in Spruce forest with ground 
lichens than in Pine forest with mosses and Vaccinium ssp., Mixed forest and Wet dry and 
forested mires (P<0.010). Reindeer habitat in Spruce forest with ground lichens had more 
digging than habitat in Spruce forest with epiphytic lichens and Lichen rich pine forest on 
moorland (>50%) (P<0.010) and more than reindeer habitat in Rocky ground (P=0.041). 
There was a correlation between digging and lichen grazing (Pearson´s product-moment 
correlation, rs=0.36, t=5.88, df=237, P<0.001). 
 

 

4 Discussion 
 

 
4.1 Abundance of habitats suitable for reindeer on Ängesön and 
Grossgrunden. 
The randomization of transects made it possible to statistically evaluate the occurrence of 
reindeer habitats, and there was indeed most Spruce forest with epiphytic lichens, Spruce 
forest with mosses, Spruce forest with herbs and Spruce forest with ground lichens. More 
than half of the area (56.6%) was covered by old spruce forest (Figure 2). Many of these 
habitats are rich in epiphytic lichens, which is uncommon in the managed Swedish forests 
(Esseen et al. 1997) and could be a valuable resource for reindeer during winter (Danell et al. 
1994). The large standing crop of epiphytes is probably explained by these forests having 
attributes like long continuity, multi-aged, multi-layered tree canopy, large amounts of snags, 
dead wood, fallen stems (gap dynamics) and high diversity (Hörnberg et al. 1995, Esseen et 
al. 1997). Especially Alectoria sarmentosa, Bryoria ssp. and Usnea spp. are common in old 
grown spruce forest in Ängesön and Grossgrunden. Alectoria sarmentosa and Usnea spp. are 
strongly dependent on forests in late successional stands (Esseen et al. 1997), and the many 
waterbodies (12.2%) and mires have been fire barriers, thus giving time for colonization and 
growth (Zackrisson 1977, Esseen et al. 1997). Wetlands and mires are also abundant (8.7%), 
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both Wet thriving mires, Dry thriving mires and Mires with overgrown forest. My data 
show that mires and wetlands are more abundant in these landscapes than can be observed 
in maps. Taken together, those water bodies are characteristic features of the landscapes in 
Ängesön and Grossgrunden, and contain graminoids and forbes that could be important 
summer forage for reindeer. 
 
Ground lichen rich reindeer habitats like Spruce forest with ground lichens and Lichen rich 
pine forest on moorland cover only 11.7% of the islands (Figure 2). Ground lichens are found 
in undisturbed, open moorland and heath. They are favoured by the combination of high 
nitrogen and phosphorus accessibility, wet conditions and light (carbon from photosynthesis) 
prevailing (Palmqvist 2000). In low-productive pine forests lichens prevail because of low 
competition from other functional groups. There were more pine lichen habitats (7.7%) when 
compared to Spruce forests with ground lichens (4.1%), more lichen cover and more lichen 
volumes in pine forest with ground lichens compared to spruce forest with ground lichens, 
and more grazing damages of lichens in pine forest. These habitats are extremely rich in 
ground lichens, which are the most important winter forage for reindeer (Van der Wal 2006). 
The rest of the islands is covered by several different habitats including old-grown pine forest 
with mosses and epiphytes and ground dominated by rocks, boulders and stones. Lichens 
and other valuable winter grazing resources for reindeer is sparse in most of these habitats. 
 

4.2 Reindeer activities in habitats 
All reindeer depositions of dung have been dropped during the last year and records of 
pellets indicate which habitat the reindeer have been using during winter 2015/16 and 
summer 2016. Dungs were found in all habitats, except for in clear-cuts, mires, and wetlands. 
There were more depositions in spruce forest and lichen-rich pine forest than in any other 
habitats (Figure 7). Most dung was probable deposited during winter 2015/16, since lichen-
rich pine forest and spruce forest with ground lichens are also the habitats where reindeer 
have consumed most lichens. More dungs were found in Pine forest with mosses and 
Vaccinium ssp. than in Spruce forest with epiphytic lichens, probable due to higher 
abundance of ground lichens in the pine forest, and this indicates that the abundance of 
epiphytic lichens was not very important for the habitat selection of reindeer. 
 
The low abundance of dung found in mires and wetlands may partly be explained by 
increased decomposition rate in wet conditions (Barthelemy et al. 2015). The deposition of 
dung may thus have been underestimated in these habitats in this study, albeit less so than in 
other comparable studies using reindeer dung as an estimate of reindeer habitat use since all 
dung was deposited during the last year. 
 
Ground lichens were highly preferred and reindeer had grazed ground lichens in all plots 
where they were common (Figure 6). Also, as expected, lichen-rich habitats in pine forest and 
spruce forest with ground lichen mats held more lichen volume than all the other habitats, 
and the lichen volume in ground lichen rich pine forests (Lichen rich pine forest on 
moorland, >50%) was larger than in Spruce forest with ground lichens. It might be 
surprising that lichen height did not differ between habitats, but this is probably explained by 
the fact that lichens have been able to grow thick wherever they are present, in the absence of 
reindeer for 100 years. Ground lichens were categorized as a group in this study, and not 
separated into single species. If species would have been recorded separately, it could have 
further enhanced our understanding on the interrelationship between reindeer and lichens 
since species differ in their palatability. Cladonia arbuscula, C. rangiferina and C. stellaris 
are higly preferred species (Helle and Aspi 1983, Danell et al. 1994). In line with that, 
Cladonia stellaris seemed to be almost totally eaten by reindeer grazing in Holmöarna. 
Cladonia uncialis, Cladonia coccifera and Stereocaulon spp. were on the other hand never 
observed consumed, only damaged in this study (Kerstin Årdahl pers. com.). Including the 
available data from vegetation estimates in permanent plots before and after reindeer grazed 
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on Holmön would have provided more information about that, but that was outside the scope 
of this study.  
 
Reindeer fecal pellets were found predominantly in ground lichen rich habitats, where also 
damages of lichens and digging for lichens were recorded (Figure 6). More pellets in lichen-
rich habitats is what we expected, since most of the reindeer were only on the island in 
wintertime, when they were expected to feed predominantly on ground lichens (Helle and 
Aspi 1983, Kojola et al. 1995, Skogland, 1985). In this study, there was more reindeer digging 
in habitat with spruce forest containing ground lichen mats, than in all other habitats. Effects 
of reindeer activities on plant community composition could be higher in lichen rich habitats 
where reindeer pellets and dungs from reindeer were found, due to trampling from reindeer 
also were observed in every habitat (Sørensen et al. 2009). Grazing alone does often not 
cause dramatic vegetation shifts, there must be interactions of dungs, urine, tramps and 
grazing to cause vegetation transitions (Sørensen et al. 2009). Trampling and fertilization 
have showed interaction effects  in mosses and grass vegetation types (Sørensen et al. 2009), 
so lichens removal and exposition of soil with warmer microclimate (more humid), may 
enhance other plants to invade. Transition to mosses however, occur when lichens are 
selectively grazed and trampled, different species show differential response (tolerance) to 
trampling (Van der Wal 2006) and the change of vegetation types may be initiated by reinder 
preference (selection) of lichens species.  
 
In this study, Lichen rich pine forest on moorland (>50%) was the most trampled habitat 
and damages on vegetation, both selective grazing during winter and trampling from heavy 
hofpads in dry lichens ground mats during summer (Pegau 1969, Väre et al. 1995) could be  
observed. In an ungrazed ecosystem, the effects of grazing damages and trampling are easily 
observed and trampling has thus (ungrazed) often the most severe impact on vegetation, both 
positively (increase of soil temperatures) and negatively (exposure of sensitive soil biota; Van 
der Wal 2006). Spruce forest with epiphytic lichens was more trampled than any of the other 
habitats, except Lichen rich pine forest on moorland (>50%). However, pine forest with 
ground lichens do not provide much bilberries, so the close connection between signs of 
trampling and summer grazing on V. myrtillus, which has been reported to be preferred 
summer food (Olofsson et al. 2010), indicates that a lot of the trampling signs refer to 
reindeer feeding on V. myrtillus in Spruce forest with epiphytic lichens, since the most 
grazed habitat based on V. myrtillus was Spruce forest with epiphytic lichens. This could be 
seen in the NMSD ordination where grazing of V. myrtillus in spruce forest and trampling in 
spruce forest were related. 
 
Reindeer grazing of Ericaceae vegetation (V. myrtillus and Rhododendron tomentosum) in 
spruce forest was more intensive than in pine forests, and more than most of the other 
habitats, but not different from forest with all tree species present (i.e. Mixed forest) (Figure 
11). High levels of grazing damages indicate that V. myrtillus shoots are an important and 
highly preferred plant summertime, especially in springtime when leaves and stems are 
protein and nitrogen rich (Ritchie et al. 1998, Crawley 1983). Prevailing temperatures in 
coniferous forests are affecting nitrogen levels in tissues (Laine and Hentonnen 1987) so that 
nitrogen concentration in V. myrtillus is decreasing when summer temperatures are 
increasing (Laine and Hentonnen 1987), since more structural tissues in leaves are diluting 
nitrogen concentration later in growing season (Walsh et al. 1997). Grazing is thus occurring 
when V. myrtillus is rich in nitrogen, so the nitrogen content is probably higher in spruce 
forest (colder) than in pine forest with mosses and pine forests with lichens. Plant nutrients 
concentrations are varying in different species, deciduous leaves (V. myrtillus and Betula 
ssp.) have higher foliar nitrogen and phosphorus concentrations than evergreen leaves (E. 
hermaphroditum and V. vitis-idaea) (Kaarlejärvi et al. 2012), so for that reason spruce forest 
provide more and higher quality summer food than do pine forest. During berry formation, 
i.e. late July to mid-August, nitrogen is increasing again, due to more carbon being allocated 
to carbohydrates rather than to phenolics, and concentration of phenolics are decreasing due 
to blocking of phenolic synthesis (Laine and Hentonnen 1987). Moreover, V. myrtillus is 
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fairly tolerant to grazing albeit frequently consumed since it responds to grazing by 
compensatory growth, where underground reserves are allocated more to growth than to 
defence (Laine and Hentonnen 1987). 
 
As mentioned, trampling and grazing damages on Ericaceae vegetation were found to be in 
close connection to each other, most grazing of Ericaceae was done in Spruce forest with 
epiphytic lichens, where also a lot of trampling was recorded (Figure 6). This also make sense 
since the grazing damages that I recorded on Ericaceae vegetation were from the summer, 
and during this season the ground is not protected from trampling as it is by snow and ice 
during winter (Kumpula et al. 2000, Van der Wal 2006). Moose dung were not found in 
proximity to these signs of grazing and trampling, indicating that reindeer was indeed the 
herbivore having these effects. There was more trampling in Wet dry and forested mires than 
in Deciduous forests and Rocky ground in this study. Edges of wetlands may contain more 
nitrogen rich forage (sedges and grasses), at least partly due to large herbivores deposing 
faeces in spatial heterogenous patches (Pastor et al. 1993, Olff 1998). Observations of 
reindeer moving along edges of mires and wetlands (signs of hofpads) may be explain by the 
edge effects of reindeer movements or attractions to mires. Grazing damages on Myrica gale, 
Rhododendron tomentosum and B. pubescens were made predominantly in edges of 
wetlands and mires (Kerstin Årdahl pers. com). Most grazing of grasses and Carex spp. were 
found in mires (dry, wet and forested), although it was not statistically significantly different 
among habitats due to few recordings. 
 
4.3. Effects of reindeer activities on the vegetation in an ungrazed 
ecosystem 
The effects of reindeer on the vegetation on Ängesön and Grossgrunden are expected to be 
substantial if the grazing regime during 2015/2016 would be maintained (if reindeer herding 
is to be continued in the same magnitude of grazing pressure), since there will be no time for 
recovery of lichens biomass. Thick ungrazed lichen mats are no longer seen on the islands of 
Holmöarna, as a result of the grazing during the winter 2015/2016. High biomass of lichens 
is simply not compatible with high reindeer densities (Olofsson 2006). All reindeer habitats 
were trampled and in combination with faecal depositions in lichen rich habitats, and this 
could in the long run change the vegetation into more productive types (from lichens to 
mosses, and subsequently leading to grasses) (Olofsson 2006, Van der Wal 2006). Mosses in 
old-grown spruce forest is dominating on Holmöarna, forest floor is cold and moist, and 
species richness is low. Along shorelines (east and west) more herbs and grasses are found 
(Ericsson and Wallentinus 1979), due to super-abundance of light and depositions of 
nutrients from sediments and sea-birds. If the islands are going to be grazed by reindeer for a 
longer time, these grasses and herbs might be able to spread more into the forest, when 
reindeer trampling disturb the moss layer and provide easily available nutrients through 
their urine and faeces. 
 
Recovery of lichen-dominated reindeer habitats may take decades even if the reindeer 
grazing is ended, if the lichen mats are severely grazed down (Helle and Aspi 1983), but they 
might not be easily converted to a different vegetation state since these habitats are very dry 
which limits the growth of other plants and since lichens have released toxins into the soil 
that inhibit growth of other plant species (Olofsson et al. 2010). However, in the summer 
2016, all lichen rich habitats were still in a state where lichen biomass was high and lichens 
would regrow quickly if grazing was ended. If the islands are supposed to be used as winter 
grazing grounds also in the future, the now dramatic vegetation changes are expected and 
ground lichens will continue to provide an important food resource. 
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4.4 Conclusion 
Based on results from my study, the most important reindeer habitats in the archipelago of 
Holmöarna are Lichen rich pine forest on moorland and Spruce forest with ground lichens, 
providing reindeer with forage wintertime. Lichens are the most important winter diet of 
reindeer on the islands, since lichens were heavily grazed in every habitat where covering of 
lichens were recorded, mostly in lichens rich pine forest and old grown spruce forest with 
ground lichens. More reindeer dung was found in Lichen rich pine forest on moorland and 
Spruce forest with ground lichens, more than in the other habitats, which answers one of my 
initial questions. Trampling was most intense in Lichen rich pine forest on moorland and 
Spruce forest with epiphytic lichens, but all habitats were trampled, indicating utilization of 
all habitats by reindeer. The most abundant habitat on Holmöarna is old-growth spruce 
forest, and V. myrtillus was abundant in that habitat, providing reindeer with good summer 
food availability. 
 
It is important for the reindeer herding industry to find alternative winter grazing grounds 
for reindeer, with richness of lichens that can be used in years when severe winter climate, 
especially rain on snow events, make it hard to use the usual winter grazing grounds. As such, 
Holmöarna are suitable, since icing events may not happen in the same years as in the inland 
due to the more maritime climate. Moreover, both ground and epiphytic lichens are 
abundant, and conditions for growth of lichens are probably good (long periods that lichens 
will be moist due to morning fog), assuming faster recovery than other winter grazing 
grounds. However, if reindeer herding would be permanent on Holmöarna, and especially if 
reindeer are around during summer, fast transitions of ground lichen dominated vegetation 
to other vegetation states are possible.  
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7 Appendix 
 
 
7.1 Article from ”Umebladet 19th of mars 1906” 
 

 
Figure 1. Article from ”Umebladet 19th of Mars 1906”, telling us about reindeer on winter grazing on Holmöarna, 
pastures of much better qualities than mainland can afford and that it was long ago since herders with reindeer were 
visiting the islands.  

 
 
7.2 Reindeer habitats 
 

Table 1: Reindeer habitat in study (196 transects) 

Kod Vegetation Class 

 

    % 

700 Water (lakes, streams and seaside) 
  

12,24 

506 Forested mire (wetland) 
  

2,04 

504 Dry, thriving mire (wetland 
  

1,02 

503 Wet, thriving mire (wetland) 
  

5,61 

402 Stock and rocky ground 
  

4,08 

304 Scrubland, over grown clear cuts 
  

1,53 

208 Deciduous forest 
  

3,06 

206 Small shrubs 
  

1,02 

114 Pineforest (lichen 25–50%) 
  

3,06 

113 Pineforest (lichen >50%) 
  

1,02 

112 Pineforest on moorland, (lichen 25–50%) 
  

3,06 

111 Pineforest on moorland ( lichen >50%) 
  

0,51 

110 Spruce forest (Picea abies) with ground lichen  
  

4,08 

109 Mixed forest (spruce, pine, birch) 
  

6,12 

107 Spruce forest (Picea abies), old with epiphytes 
  

25,51 

106 Spruce forest (Picea abies), mosses 
  

15,82 

105 Spruce forest (Picea abies), herb rich 
  

5,1 

  104 Pineforest, epiphytes, mosses, Vaccinium ssp. 
  

0,59 

103 Pineforest, mosses, Vaccinium ssp.     4,59 
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Figure 2. Reindeer habitats, after merging. 
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